Specific service (or logo) signs provide information on attractions, camping, lodging, food, and gas services on the mainline of limited access highways in advance of the interchange that provides access to the services. At present, to ascertain the distance to a particular establishment, motorists depart from the mainline and read the distance on the logo signs on the ramps. The purpose of this study was to determine the effectiveness or usefulness of adding distance information on mainline logo signs. A pilot study of adding distance information on mainline logo signs at three interchanges in Virginia was conducted. Because such information is not covered in the Manual on Uniform Traffic Control Devices, the Virginia Department of Transportation requested, and the Federal Highway Administration granted, permission to experiment with these signs. The study examined legibility, motorist opinions, and crash history related to adding the distance information.
INTRODUCTION
Specific service (or logo) signs provide information on attractions, camping, lodging, food, and gas services. The 2003 Manual on Uniform Traffic Control Devices (MUTCD) provides the standards for specific service signs on all classes of highways (FHWA 2004a ). This series of signs is located on the mainline of limited access highways in advance of the interchange; a second set of signs that includes the distance to the service is located on the ramp. If they decide that the distance to the desired destination is too far, they may return to the mainline and search at interchanges downstream. Second, they may choose an alternative business that provides a similar service but is closer. Through a request from a state senator, the Virginia Department of Transportation (VDOT) was asked to consider adding distance information to mainline logo signs. The contention was that this could help motorists decide whether to take the exit by facilitating their decision to exit when distance to the service was an important decision-making criterion.
Although there were potential benefits of this concept, there were concerns about its implementation-notably, whether the distance information could be easily read at freeway speeds.
The purpose of this study was to determine the effectiveness or usefulness of adding distance information on mainline logo signs. The scope of the study was limited to a pilot study of adding distance information on mainline logo signs at three interchanges in Virginia. Because The sites were selected through discussions with staff at VDOT and Virginia Logos and field reviews.
SITE SELECTION AND SIGN DESIGN
VDOT staff had preliminary discussions with Virginia Logos regarding ways in which to add the distance information to the logo signs. To be consistent, the same distance information on the ramp logo signs was placed below the logo panel on the mainline signs. The MUTCD requires that the letter height for logo signs (except on the panels) be at least 10 inches for freeways and at least 6 inches for conventional roads or ramps. This refers to the header information such as -GAS-EXIT 44.‖ The consensus was that the distance information is secondary to the header and, therefore, should be smaller than the header.
The legibility of the distance information is dependent on letter height, font, and other factors. The standard assumption is that letters on highway sign can be read from 40 feet for every 1 inch of letter height (Mace 1988) . By repositioning the logo panels, VDOT and Virginia
Logos staff determined that the maximum letter size that could be used for distance information on existing logo signs was 8 inches. Therefore, the legibility distance would be about 320 feet.
By contrast, the height of letters for distance information on ramp signs is 3 or 4 inches. To enhance the legibility of the distance information further, the Clearview highway font was used (FHWA 2004b).
The distance information was added to all logo signs at the three interchanges. Distance information was added by Virginia Logos to all mainline logo signs in both directions at the three interstate exits selected. The installers repositioned the logo panels to make space below the panels to install numbers and letters from the 8-inch series. Hawkins and Rose conducted a human factors study on the effect of adding dual-logo panels to specific service signs in Texas (Hawkins and Rose 2005) . A timed survey consisting of a series of photographs was used, and the subjects were asked to determine if various business logos were present. The study found that dual logos have a lower recognition level at shorter response times; however, the difference in recognition levels between single and dual logos decreased as the response time and driver familiarity with the businesses (shown in signs)
increased.
Lee et al. evaluated the human factors associated with the use of mixed use signs on which different types of services (e.g., food and camping) were shown on the same motherboard in Virginia (Lee et al 2005) . A telephone survey of motorists showed that 65 percent of the respondents were not confused by these signs, indicating a low level of confusion. There was no statistically significant difference in the number of crashes before and after the use of these signs.
Hummer and Maripalli studied the human factors effects of nine-panel logo signs in
North Carolina (Hummer and Maripalli 2008) . In this laboratory survey, subjects were first shown a brand name they were asked to scan in the time-based slide show of the logo sign images that followed. The subjects were asked to determine if the brand was on the sign. The study found that the typical MUTCD-approved six-panel signs were associated with an approximately 8 percent more accurate response rate than were the nine-panel signs being tested.
Because of this small difference in response rate, the study concluded that the nine-panel signs performed well and should be considered in locations with more than six businesses interested in having their logo on the signs. The use of such signs would also reduce the number of extra To summarize, research is limited with regard to enhancing the utility of the service signs on highways, and no studies on the addition of distance information to mainline logo signs were found in the literature review. Human factors studies based on intercept and laboratory surveys
showed that the use of mixed use, dual logo, and nine-panel logo signs did not significantly increase driver confusion or distraction. Further, crash frequency was not affected by the use of such signs.
LEGIBILITY STUDY
The ability of motorists to read the distance information on the signs was assessed by having 17
test subjects drive through a study section on I-81 and provide legibility information with regard to nine logo signs, including six experimental signs and three standard signs. For the test signs, participants were asked to look for a particular logo panel and read aloud the distance to the business. Legibility information regarding standard logo signs was obtained for comparative purposes.
The test participants were employees of VDOT's Southwest Region and Salem District, and their offices were located near the study signs on I-81. The test was conducted only during daytime, and the speed limit was 60 mph on the test section. The researchers recorded the distance information using a distance measuring instrument (DMI) as the subjects drove, read the sign information, and responded to questions regarding the signs.
Legibility Distance and Travel Speeds
The mean legibility distance for the subject signs and the mean travel speeds of the 17 participants as they viewed the nine signs on the test section of I-81 are shown in Table 1 for the southbound signs was lower than that for the northbound signs. It is likely that the study participants became familiar with what was expected of them after the first three signs, which may account for the larger legibility distances for the second set of test signs. The mean legibility distance for the three standard signs was 416 to 612 feet. The standard deviation for the standard signs was greater than for the test signs. This may indicate that there was more variability in the participants' ability to recognize the logos for various businesses than in reading the distance information. The participants' travel speeds ranged from 57 to 62 mph. Table 2 shows the mean legibility distance by sign location and estimated motorist travel time for various speeds. This table is intended to provide a range of preview times for various legibility distances for a range of typical highway speeds. The mean legibility distance was longest for the standard signs, followed by the northbound and then the southbound experimental signs. This experiment began SB on I-81. After passing two sets of logo signs with the first set being the experimental signs, the driver exited I-81 at an interchange then entered I-81 NB (essentially making a U-turn). The driver again passes two sets of logo signs with the first set being the experimental signs. On the second set of signs a different logo panel was chosen.
Legibility Distance and Estimated Travel Time for Various Speeds
There was some concern that the participants' familiarity with the routine for determining the legibility distance may yield an increased legibility distance for the second set of signs.
Therefore, the two groups were separated. Since there was only one control sign SB and two NB, they were grouped together for a sample size of 3; the same as the two experimental sign groups. There was less concern about familiarity with the routine for the control signs due to the smaller sample size (see Table 2 ). A c c e p t e d M a n u s c r i p t
The rule of thumb that a sign can be read from 40 feet away for every 1 inch of letter height is used to estimate sign legibility and to accommodate older drivers (Mace 1988) . With this rule of thumb, 8-inch numbers on signs should be legible from 320 feet. In this study, all signs studied were legible for a distance greater than 320 feet. For the southbound experimental signs, the group with the shortest legibility distance, a vehicle would pass the signs in 3.3 to 4.1 seconds, depending on the speed. This is an estimate of the amount of time the motorist has available to read the sign.
General Survey Questions
The legibility study participants were asked a few additional general survey questions. The results of these questions are provided in Table 3 . Thirteen participants (76.5%) found the experimental southbound signs (1-3) easy to read, and 14 (82.4%) found the experimental northbound signs (6-8) easy to read. Six participants (35%) rated the distance information hard or somewhat hard to read, and 11 (65%) rated it -OK‖ or -easy to read.‖ When asked if they typically read everything on the logo sign or scan the sign, 16 respondents (94.1% of the participants) stated that they scan the sign. When asked if they typically read everything on the logo sign, scan the sign, or both, 65 percent stated that they scan the sign and 35 percent stated that they do both. Eleven participants were male, and 6 were female. Eight participants were 40 through 60 years of age, 7 were under 40 years of age, and 2 were over 60 years of age.
Participant Comments
Comments from participants were varied:
 Information on sign cluttered, cramped, or too close together (6 participants).
 Logo recognized before distance information could be read (3 participants).
 Distance information font size is good (2 participants).
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 Distance information is helpful (9 participants).
 Distance information is not needed (3participants).
 Hanging Rock logo is hard to read (4 participants).
MOTORIST OPINION SURVEY
A survey was developed to ascertain motorist opinion regarding the distance information on the test signs. This survey was conducted at rest areas near the study signs on I-95 and I-64. To conduct the survey, a one-page written questionnaire was handed to participants on a clipboard, completed by them, and returned to the surveyor. The eight-question survey form is shown in Figure 5 . ( Figure 5 shows the survey form used for the I-64 survey participants. For the I-95 survey participants, Question 2 referred to -Interstate 95‖ rather than -Interstate 64‖ and the photographs of the signs were for signs on I-95.)
The motorist opinion survey was conducted on three occasions (one day each month):
twice in rest areas along I-95 in the vicinity of the study signs, and once on I-64. On I-64, the rest area is about 35 miles and 7 interchanges from the test interchange. This rest area was large, new and has high traffic. At I-95, the rest area was immediately after the interchange with the study signs and about 3 miles away; the ideal location but a older, small rest area. There were 111 respondents to the survey. The results of the survey are provided in Table 4 . As may be seen, 80 respondents (72.1%) were visitors to the area, and 102 respondents (91.9%) had seen two of the mainline logo signs with distance information shown on the questionnaire. Fortyseven respondents (42.3%) noticed something different about the signs; of those, 9 (19%) correctly noted the presence of distance information. Of those answering the question regarding a difference in the sign, 9 respondents (8.5%) noted the presence of distance information.
Twenty respondents (18%) reported that the distance information was hard or somewhat hard to Fifteen respondents (13.5%) reported that they slowed down to read the signs. The researchers had some concern about this response because a sizable percentage of motorists state that they slow down to read logo signs. There was no evidence to suggest that slowing down to read the sign was a problem. However, more information is needed to assess the issue. For example, it would be important to determine how much and how quickly a motorist slowed down and quantify the impacts of the speed reductions on traffic flow or safety if any. It is possible that the slowing might occur in response to typical mainline logo signs without distance information. Further, a more in-depth analysis of the data revealed that 14 of the 15 respondents who stated that they slowed down to read the signs did not correctly notice the difference in the signs (i.e., they did not note the presence of the distance information). They may have been saying that they slow down generally for logo signs, not necessarily that they were slowing down as a result of the distance information being on the sign.
Of the respondents who indicated their gender, 73 were male and 32 were female. Of the respondents who reported their age, 45 were over 60 years of age, 42 were 40 through 60 years of age, and 21 were under 40 years of age. Of those who answered the residency question, 46
were residents of Virginia and 61 were not. In the general comment section, 10 respondents (9%) noted that the distance information was helpful and 2 respondents (1.8%) reported that the distance information was not needed. One respondent remarked that the information should be larger, and another stated there was no need to list businesses more than 2 miles away. In summary, it appears that most survey respondents saw the logo signs but did not notice the distance information on the study signs. The majority found the distance information -OK‖ or -easy to read‖ and considered the distance information useful.
CRASH ANALYSIS
A before-after crash analysis with treatment and control groups was conducted to determine if the addition of distance information on mainline signs had an effect on safety. Crash data were obtained for a 3-year period before the distance information was added to the experimental signs and for a 1-year period afterward. Data were obtained from VDOT databases. Control sites that had characteristics similar to those of the treatment sites in terms of number of logo panels on service signs, segment length and geometrics, and average annual daily traffic were chosen at all three study locations. Summary statistics of crashes for the treatment and control sites are provided in Table 5 .
A paired t-test was performed to determine if there was any change in the mean number of crashes before and after the addition of distance information on the signs. The treatment segments had a t-statistic of 0.73 with a p-value of 0.49 for a level of significance of α = 0.10, meaning that the null hypothesis of means being equal cannot be rejected. For the control segments, the t-statistic was 1.75 with a p-value of 0.14. In summary, based on the crash analysis, adding distance information on the logo signs did not affect safety as measured by number of crashes.
DRIVER INFORMATION OVERLOAD
When discussions about installing distance information on mainline logo signs began, some transportation professionals were adamant that this would result in driver information overload.
The best case was that the signs would be ineffective because motorists would be unable to read This study was not designed to investigate driver information overload. Such an investigation would best be conducted in a driving simulator laboratory or with instrumented vehicles.
COSTS AND BENEFITS ASSESSMENT
It is difficult to quantify the benefits of providing distance information on mainline logo signs. It is possible that providing drivers with distance information to services on the mainline could help them decide whether to take a particular exit. The benefits of motorists having this additional information could include increased convenience (motorists will not travel further 1943-5436.0000274 A c c e p t e d M a n u s c r i p t
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14 from the interstate than they are comfortable traveling), reduced congestion at interchange areas (fewer motorists will exit and then immediately re-enter the mainline upon seeing the distance to a service), and improved customer satisfaction for users of the road network (information on distance to services is provided earlier.).
There are two possible options to consider for installing distance information on mainline logo signs statewide: adding the information to existing signs, as was done in this study, or replacing the existing signs with larger signs to accommodate the distance information. The total cost for the installation of the distance information to the signs in this study was $2,800, or $933
per interchange. The costs mostly comprised labor costs.
Following the MUTCD guidance for spacing to the bottom borders and interline spacing would require signs be larger to accommodate distance information (FHWA 2004a). The MUTCD also states that letters or numerals on specific service signs on freeways must be 10 inches high. The distance information on the experimental signs used in this study was 8 inches high, the maximum height that would fit on the existing signs. In the legibility study, 35 percent of the respondents stated that the signs looked cramped. Therefore, the option considered for this assessment was to replace the existing signs with larger signs to satisfy the MUTCD requirements and improve the appearance of the sign. Estimates were made on the cost per square foot of sign and the number of square feet added per sign. These costs estimates are based on sign design concepts, not actual detailed sign designs. As shown in Table 6 , the cost of replacing existing mainline logo signs statewide with new larger signs that include distance information is estimated at $10.5 million. There might also be substantial additional costs to replace the sign structures to accommodate the larger signs. 
CONCLUSIONS AND FUTURE RESEARCH
Based on the study findings the following conclusions were drawn:
1) The legibility study revealed that the distance information on the mainline logo signs was legible during the daytime. The distance information on the mainline logo signs was easy to read for most legibility study participants. To some, it appeared that the distance information was cramped on the logo signs.
2) Most of the motorist opinion survey respondents found the signs -OK‖ or -easy to read‖ and the distance information useful.
3) The presence of distance information on mainline logo signs had no effect on safety as measured by number of crashes.
Ideally, night-time legibility should also have been studied. The researchers planned to survey motorists on the legibility of the study signs by using a video recording. The researchers 
